Forest fi res result in disturbance of wood-and soil-inhabiting fungal communities and also have an impact on the persistence of rot-causing fungi that are present in infected root systems. The aims of the present study were to (1) investigate the occurrence of the root pathogens Heterobasidion and Armillaria in root disease centres on burned and non-burned sites in Pinus mugo forest and (2) study the impact of forest fi re on the community structure of other wood-inhabiting fungi colonizing tree roots. A total of 18 root disease centres were investigated in 120-year-old plantations on sandy dunes in the Curonian Spit of western Lithuania, 14 of which were located on burned and 4 on non-burned sites. A total of 484 fungal isolates representing 16 taxa were obtained from 270 P. mugo root systems sampled at 10 -30 cm in the soil. The two most frequently isolated fungi were Trichoderma viride and Penicillium sp. found in all disease centres and 96.7 per cent and 39.6 per cent of root systems, respectively. Heterobasidion annosum s.s. was the most commonly isolated basidiomycete found in 15 disease centres. Overall, it was isolated from 19.3 per cent of the root systems. The fungus gave growth from 42.5 per cent of root systems on non-burned and from 15.2 per cent of root systems on burned sites, and the difference was statistically signifi cant (chi-squared test; P < 0.001); thus forest fi re in disease centres seemingly had reduced occurrence of the pathogen. Nevertheless, H. annosum s.s. persisted on 11 burned sites, and on four of those fresh sporocarps were observed. Armillaria borealis was less commonly isolated (3.0 -5.0 per cent of the root systems). Somatic incompatibility tests with 35 strains of H. annosum s.s., isolated from six (two from burned and four from non-burned) disease centres, showed genetically diverse populations of the fungus even within small and compact areas (0.01 -0.07 ha). Fungal communities and species richness were moderately similar in burned and non-burned sites. Results of the study suggest that forest fi res on sandy soil can reduce the occurrence of H. annosum s.s. in disease centres in P. mugo plantations.
Introduction
Forest fi re is one of the most widespread and potentially destructive disturbances affecting soil-inhabiting fungi ( Zak, 1991 ; Cairney and Bastias, 2007 ) . Severe fi res in coniferous forests with high tree mortality cause a drastic or total disappearance of fruiting of ectomycorrhizal fungi ( Petersen, 1971 ; Holm, 1995 ; Dahlberg et al. , 2001 ) ; wildfi res affect communities of these fungi by both reducing the mycorrhizal abundance and changing species composition ( Danielson, 1984 ; Visser, 1995 ) . Following fi re, changes in sporocarp production and species composition have also been observed in saprotrophic fungi communities ( Moser, 1949 ; Petersen, 1970 Petersen, , 1971 Holm, 1995 ; Penttilä and Kotiranta, 1996 ) . In soil at burned sites, a decrease in the amount of fungal propagules has been repeatedly noted ( Meiklejohn, 1955 ; Wright and Bollen, 1961 ; Ahlgren and Ahlgren, 1965 ; Jalaluddin, 1969 ; Jorgensen and Hodges, 1970 ) , and in some cases, fi re has resulted in complete destruction of the resident fungal biomass ( Pugh and Boddy, 1988 ) .
Such impacts are not surprising, as during forest fi re, temperatures at the ground surface often are within the range of 200 -300°C ( Rundel, 1983 ; Sackett and Haase, 1992 ) , and where there is an abundance of highly fl ammable debris may reach 500 -850°C ( DeBano et al. , 1998 ; DeBano, 2000 ) . In deeper horizons, however, lower temperatures have been observed. For example, DeBano (2000) reported ~ 150°C at 5-cm depth, and often no increase in temperature has occurred in depths below 20 -30 cm. In extreme cases, however, e.g. during burn of accumulated slash and woody debris, soil temperatures were reported to exceed 250°C at 10-cm depth and 100°C at 22-cm depth ( Roberts, 1965 ) . Apparently, soil heating during forest fi res depends on a number of ecological factors such as physical properties of the soil (i.e. thickness of organic layer), a quantity of woody debris, plant species composition, etc. According to Sackett and Haase (1998) , fi res in pine forests produce some of the most profound impacts on ecosystems, especially in overstocked stands of pine species that are rich in extremely fl ammable resin and volatile oils. Their studies demonstrated that in mature ponderosa pine ( Pinus ponderosa Laws.) stands, burned with prescribed fi res, the temperature 5 cm below the soil surface was over 60°C, and at 30-cm depth, it reached more than 46°C. It must be pointed out that ' normal ' soil temperatures (i.e. subjected to solar exposition only) can sometimes reach quite high values, for example in Lithuanian coastal zone the highest temperatures recorded over the past 20 years at 0 (the soil surface), 5-, 10-and 20-cm depths were 56, 40, 36 and 31°C, respectively (observations made in May -August 1989 -2009 by the Klaipeda Coastal Meteorological Station at the Lithuanian Hydrometeorological Service, personal communication). However, those temperatures usually rise at a ' predictable ' speed and do not persist long so the impact on the soil microorganisms is not as destructive as the heat produced by forest fi res.
Since the temperature is greatest in the organic horizon and the top few centimetres of mineral soil, fi re effects on soil microorganisms are regarded as being greatest close to the soil surface ( Neary et al. , 1999 ) . It has been reported that fi re does destroy inoculum of most pathogens that sporulate on dead materials on the ground ( Parmeter, 1977 ) . However, even rather ' mild ' temperatures of 40 -50°C reportedly occurring in deeper soil layers following burning might have a profound impact. For example, it is known that growth of the wood-decomposing polypore Heterobasidion annosum (Fr.) Bref. s.l. is arrested at temperatures between 32 and 37°C and that the fungus dies after being exposed for 2 h to temperatures of 38 -45°C ( Korhonen and Stenlid, 1998 and references therein). Lethal temperatures reported for wood-decomposing agarics from the genus Armillaria are between 41 and 43°C ( Munnecke et al. , 1976 ) .
Moreover, besides being decomposers of deadwood, fungi from the genera Heterobasidion and Armillaria are serious forest pathogens, causing signifi cant economic losses to forestry around the world ( Shaw and Kile, 1991 ; Woodward et al. , 1998 ) . Those fungi possess several similar ecological features: (1) their mycelia colonize root systems of infected trees and grow out from those infecting the neighbouring trees resulting in expanding disease centres; (2) in trunks and root systems of infected trees (both live and dead), the fungi remain viable for decades, thus transferring to subsequent forest generations either via direct contact of roots or via increased infection risk due to presence of sporocarps and (3) this leads to constant buildup of the inoculum on infested sites and a subsequent increase of root rot in newly grown crops in these areas. Consequently, apart from effects on general biodiversity of wood-inhabiting fungi, the fi re might also have a potential to decrease viability and persistence of rotcausing fungi that are present in infected root systems of burned trees on root rot-infested sites ( Thies, 1990 ) .
However, to date, only a handful of studies exist in which this hypothesis has been tested. For instance, in the southern United States, it was found that prescribed burning reduced (in some cases very signifi cantly) the severity of Heterobasidion root rot in loblolly ( P. taeda L.) and slash pine ( P. elliottii Engelm.) plantations ( Froelich and Dell, 1967 ; Froelich et al. , 1978 ) . However, other American studies on Armillaria revealed only negligible effects of the prescribed fire on viability of the pathogen, as it colonized roots at depths greater than the heat could penetrate ( Filip and Yang-Erve, 1997 ; Whitney and Irwin, 2005 ) . By contrast, in New Zealand, it was found that prescribed burning was able to kill a large proportion of Armillaria rhizomorphs in the soil ( Hood and Sandberg, 1989 ) .
To date, the corresponding information with regard to European forest ecosystems is lacking. Therefore, the main aim of the present study was to examine and to compare the occurrence of the root pathogens Heterobasidion and Armillaria in root disease centres on burned and non-burned sites in Pinus mugo Turra. plantations on the Baltic Sea coast. At the same time, we studied the impact of forest fi re on community structure of other wood-inhabiting fungi that colonize debris of burned tree roots.
Study area and methods

Study sites
Study sites were placed in 120-year-old plantations of P. mugo established on sandy dunes in Smiltyne Forest District (Kursiu Nerija National Park) located at the Curonian Spit peninsula in the Baltic Sea, western Lithuania (55° 39 ′ N, 21° 07 ′ E). The plantations were heavily overstocked; planted with an initial density of 20 000 -25 000 trees ha Ϫ 1 to stabilize the moving sand and never thinned afterwards. In May 2006, a severe forest fi re devastated nearly 250 ha of the stands in the area ( Figure 1 ). This fi re encompassed numerous annosus disease centres previously mapped in 1983 (A. Vasiliauskas, personal communication) and resurveyed in 1998 where it was found that the great majority (98.5 per cent) of these disease centres were still active ( Vasiliauskas, 1998 ) . Observations made by local foresters and ourselves in P. mugo stands of Smiltyne Forest District 1 -3 years before the fi re suggested that the situation remained basically the same, i.e. that most of the disease centres were active at the fi re event providing a unique opportunity for investigating the impact of forest fi re on persistence of root rot pathogens. Although the numerical data are not available, as P. mugo is highly fl ammable and the stands were heavily overstocked (practically impenetrable), it is likely that the fi re produced very high temperatures. This is supported by the ' fact ' that the organic soil horizon was completely burnt out.
In 2007 -2008, a total of 18 disease centres previously (in 1983 and 1998) identifi ed as active annosus root were investigated, 14 of which represented burned and 4 adjacent non-burned (control) sites ( Figure 2 ). As on the burned area there were numerous previously mapped disease centres, only those occurring in the northern part of the area were selected for the present study. Prior to the forest fi re, burned and non-burned sites were of similar appearance and had the same historical background (personal communication with the local forestry staff). The root rot in the area started to develop along fi re protection corridors, which were widened by felling of trees 15 -20 years ago, thus creating large amount of stumps (recipients for primary infections by Heterobasidion ; Rishbeth, 1951 ) along the border of a forest stand. Typically, investigated root disease centres contained decomposing dead stems, with more recently killed trees towards the edges ( Figure 3A ). The perimeter of disease centres consisted of recently attacked pines, showing initial dieback symptoms (yellowing crowns), and this was a typical picture in all the P. mugo stands in the Curonian Spit, including the pre-fi re sites. After the fi re, the exact position of disease centres (mapped by Prof. Albertas Vasiliauskas in 1983) was identifi ed using known global positioning system coordinates entered into a Magellan® Triton ™ 500 GPS receiver. The areas were easily identifi ed in the fi eld by empty spaces surrounded by burned-out snags ( Figure 3B ) with clear symptoms of white rot on the root collar and roots. The area of the disease centres ranged between 0.01 and 0.07 ha.
Sampling, isolation and identifi cation of fungi
On burned and control sites, a total of 230 and 40 root systems (of trees presumably killed by a root rot, i.e. showing clear symptoms of typical white pocket rot on the root collar and roots) were subjected to sampling and fungal isolation, respectively. Usually, root systems of 10 snags were sampled on each site except for three burned disease centres, which were assigned for more detailed investigation, and where 40 root systems per site were sampled. The diameter of sampled snags at the root collar was 5 -15 cm ( ~ 10 cm on average). Root systems were selected on the basis that they were likely to contain viable root rot fungi based on position of a tree within disease centre, its decomposition rate and estimated time since death being less than 5 years. Selected root systems were pulled out by hand or excavated with a spade and visually examined for decay in order to locate root sections that were likely to contain an active decay fungus. Such root sections (in all cases occurring in roots from 10-to 30-cm soil depth) were cut using a sterilized axe into pieces, 10 -15 cm long, 1 -5 cm thick, and individually placed into sterile plastic bags and transported to the laboratory. The material was stored for 2 days at 10°C prior to isolation. In each area, the presence of fruiting bodies of wood-decay fungi was recorded.
In the laboratory, root sections were split into three pieces 30 × 3 × 3 mm in size using a sterile knife. Isolations of pure cultures of fungi on Petri dishes containing Hagem agar ( Modess, 1941 ) media were made according to Vasiliauskas and Stenlid (1998) . The results of the three isolations from each root section/system were pooled and regarded as one isolation attempt from a given root system, thus making a total of 270 sampling/isolation attempts. Subsequently, if the same species was isolated from one, two or three root sections from a single root system, it was further regarded as a single isolate from this root system. The resulting isolates were examined under light microscope and distributed into groups based on mycelial morphology. Representatives from each group were selected for DNA extraction. These were grown for 2 weeks on liquid Hagem media in static cultures at room tempera- ture (18 -20°C) prior to extraction of DNA, polymerase chain reaction amplifi cations and DNA sequencing procedures described by Kåren et al. (1997) . The ribosomal internal transcribed spacer (ITS) region was sequenced using two primers (ITS1 and ITS4) for every isolate ( White et al. , 1990 ) . Fungal identifi cation of isolates was then made based on the culture morphology and resulting sequences checked against the BLAST (Basic Local Alignment Search Tool) database from the National Center for Biotechnology Information (NCBI), Bethesda, MD ( Altschul et al. , 1997 ) and the database of the Department of Forest Mycology and Pathology at the Swedish University of Agricultural Sciences, Uppsala, Sweden. The determination of Heterobasidion intersterility group was based on the ability to heterokaryotize known homokaryotic tester strains and to form clamp connections ( Korhonen, 1978b ; Stenlid and Karlsson, 1991 ) . Armillaria isolates were also identifi ed by diploid -haploid pairings using fi ve haploid tester strains each of Armillaria borealis Marxm. and Korhonen, A. cepistipes Velen., Armillaria mellea (Vahl) P. Kumm., A. gallica Marxm. and Romagn. and Armillaria ostoyae (Romagn.) Herink ( Korhonen, 1978a ) .
Somatic incompatibility tests
The distribution of Heterobasidion genets (territorial clones) in two burned sites and all four non-burned controls was identifi ed with the aid of somatic incompatibility tests using 35 isolates of the fungus. The fungal isolates were paired in all possible combinations, including self-pairings as controls, on 9-cm Petri dishes containing Hagem agar media ( Stenlid, 1985 ) . Representatives of the obtained genets from the different plots were also paired in all possible combinations. If the reactions were not clear, the pairings were repeated two to fi ve times. Interactions between two mycelia were regarded as compatible and the strains were classed as genetically identical when a continuous mycelial mat was formed between the isolates, corresponding to that of self-pairing controls. Antagonistic types of mycelial interactions (demarcation line) following contact were classed as incompatible, and the tested strains in such cases were classed as genetically different from each other.
Statistical analyses
Chi-squared tests were calculated for each fungus based on numbers of actual isolations in root systems of different trees to compare frequencies of occurrence in burned vs non-burned sites. Similarity between fungal communities colonizing root systems of P. mugo on burned and nonburned sites was compared by calculating Sorensen similarity coeffi cients ( C S , qualitative, and C N , quantitative) ( Magurran, 1988 ) . Species accumulation curves were used to depict the relationship between the cumulative number of species found and the sampling intensity ( Colwell and Coddington, 1994 ) . Values for the curves were calculated using R computer language ( Ihaka and Gentleman, 1996 ) .
Results
Of the 270 root systems sampled, 267 (98.9 per cent) yielded pure cultures of fungi. From these, a total of 484 isolates were obtained, 478 of which (98.8 per cent) were identifi ed to at least genus level, representing 16 distinct species, 13 of which (or 81.3 per cent) were identifi ed ( Table 1 ) . The two most frequently isolated fungi were Trichoderma viride and Penicillium sp., found in 96.7 per cent and 39.6 per cent of root systems, respectively. Other anamorphic fungi and zygomycetes were only occasionally observed ( Table 1 ) .
Results of the mating tests with Heterobasidion and Armillaria spp. isolates were in full agreement with the ITS-based molecular identifi cation, which lead to their species identifi cation as H. annosum s.s. and A. borealis , respectively. Heterobasidion annosum s.s. was the most commonly isolated basidiomycete, found in 15 (83.3 per cent) disease centres and isolated from 52 (19.3 per cent) root systems. The fungus gave growth from 42.5 per cent of root systems on non-burned but only from 15.2 per cent on burned sites. This difference was statistically signifi cant (chi-squared test; P < 0.001), suggesting that the forest fi re had reduced inoculum of the pathogen in the disease centres. In all, the pathogen was isolated from root sections collected in 11 of the 14 burned sites, and on four of those, fresh sporocarps of Heterobasidion were observed. Other regularly isolated wood-decay basidiomycetes were A. borealis , isolated from seven root systems from three burned sites and two root systems from one non-burned site (3.0 -5.0 per cent of root systems examined, Table 1 ), and Resinicium bicolor (Alb. and Schw.) Parm. was isolated from 20 root systems from fi ve burned and four root systems from two non-burned sites (8.7 -10.0 per cent of root systems examined, Table 1 ). Even though these basidiomycetes were found coexisting within the same disease centre, they were not isolated from the same root systems.
The overall community structures of fungi in root systems of burned and non-burned pines were rather similar, as qualitative Sorensen similarity coeffi cient ( C S ) was moderately high (0.67), while quantitative coeffi cient ( C N ) had a moderately low value (0.36). Of the total 16 species found, eight occurred only in root systems on burned sites, while another eight species were isolated from both burned and non-burned sites ( Table 1 ) . Thus, twice as many species were detected in burned sites, although this may be related to the unbalanced sampling system, i.e. 230 root systems from burned sites vs 40 from control sites.
Somatic incompatibility tests showed the presence of three and two genets of H. annosum s.s. in two burned sites, occupying respective areas of 0.04 and 0.07 ha. In non-burned (control) sites, 1, 1, 1 and 4 genets were detected in disease centres of respective areas of 0.02, 0.01, 0.01 and 0.01 ha. These numbers correspond to 29 -400 genets per hectare. The occurrence of the same genet in different disease centres was never recorded. The number of isolates belonging to the same genet ranged from 1 to 11. Size of the genets could not be determined, as the locations of sampled root systems were not mapped.
Discussion
Results of the study suggest that forest fi re in diseased pine plantations reduced the occurrence of H. annosum s.s. inoculum. Although the amount of viable inoculum was not quantifi ed prior to the fi re, it was presumed that the presence of H. annosum s.s. was similar in the burned areas prior to the fi re in comparison to the non-burned areas. Despite observed reduction in occurrence, the pathogen had not been eradicated on the fi re sites. One reason for this could be short heating impact, as the fi re on the investigated area coincided with strong wind; thus, its front was fast moving and the sites were burned out quickly. Furthermore, after the fi re, the area was exposed to a direct sunshine and theoretically this could have some additional effect on viability of the root pathogens. For example, soil temperatures recorded at the closest meteorological station (10 km away) in July 2006 reached 56, 40, 36 and 30°C at the soil surface and at the depths of 5, 10 and 20 cm, respectively (Klaipeda Coastal Meteorological Station, personal communication), and it might well be that the temperatures reached were higher at the burned area because of increased heat absorption (black ash cover). However, the formation of H. annosum s.s. sporocarps on some of the burned sites only 1 year after the fi re supports the assumption that the heat did not penetrate deep enough to kill the root-inhabiting fungi. Our fi ndings contradict other studies that reported notably reduced distribution of H. annosum s.l. by airborne spores on burned areas ( Kallio, 1965 ) and in North America prescribed burning has been shown to signifi cantly reduce H. annosum s.l. in pine plantations ( Froelich and Dell, 1967 ; Froelich et al. , 1978 ) . The latter suggests that under controlled conditions, fi re might have more pronounced impact on the pathogen. Further studies are required to confi rm this hypothesis, particularly in European forest ecosystems. On investigated sites (both burned and non-burned), we detected 29 -400 H. annosum s.s. genets per hectare (29 and 75 genets per hectare were found in two burned sites), and rather similar situation has been previously observed in non-burned Pinus sylvestris stands, where 45 -60 genets per hectare were found ( Lygis et al. , 2004a ) .
In this study, A. borealis was identifi ed for the fi rst time in forest plantations on the Curonian Spit peninsula. This fungus is the most common Armillaria species in Finland and Norway ( Roll-Hansen, 1985 ; Solheim, 2006 ) and is known to be opportunistic pathogen, mainly attacking trees weakened by other factors ( Roll-Hansen, 1985 ; Siepmann and Leibiger, 1989 ; Guillaumin et al. , 1993 ; Solheim, 2006 ) . Thus, the possibility cannot be excluded that in root disease centres in P. mugo plantations, it invades roots of Heterobasidion -infected trees, although according to Greig (1962) Armillaria spp. effectively prevented spread and colonization of H. annosum s.l. in root systems of trees and stumps. On the other hand, it is unlikely that Armillaria is able to exclude already established H. annosum s.l. from the roots ( Holdenrieder and Greig, 1998 ) . The effects of forest fi re on A. borealis inoculum could not be clearly elucidated in the present work due to the low isolation percentage from both burned and non-burned sites.
This study also demonstrated that R. bicolor is one of the major constituents of wood-decomposing fungal community in stands of P. mugo on the Curonian Spit and that the forest fi re seemingly had a little effect on its viability in root systems. In experiments undertaken by Holmer and Stenlid (1996) , R. bicolor was the most successful at colonizing and replacing other species of fungi (including H. annosum s.l. and A. borealis ) from soil-buried wood blocks. Consequently, the fungus has been considered as having potential for biological control of Heterobasidion root rot in Picea abies ( Holmer and Stenlid, 1997 ) . In a light of the results of the present study, it would be of interest to examine the potential of R. bicolor as a biological control agent against H. annosum s.s. in P. mugo stands. However, one should consider that secondary resource capture by highly competitive organisms, mostly cord-forming fungi (as e.g. R. bicolor ), appears to be rare with H. annosum s.l. after successful establishment ( Holdenrieder and Greig, 1998 ) .
Fungal diversity was rather low in root systems on both burned and non-burned sites. This may be related to the extensive colonization by Trichoderma and Penicillium species on the majority of root systems which may have prevented the colonization by other wood-inhabiting fungi. Alternatively, Trichoderma , being a rapid colonizer in vitro , may have reduced isolation success of other slower growing fungi. In general, heavily decayed roots of the P. mugo were mostly inhabited by cosmopolitan saprophytic species of microfungi and this is not surprising for dead, nutrient-rich organic substrates ( Dennis, 1981 ; Domsch et al. , 1993 ; Ellis and Ellis, 1997 ) . Such a low fungal diversity (0.06 fungal taxa per root system) found in root systems is quite exceptional: for example, Menkis et al. (2006) isolated 61 fungal taxa from decayed roots collected from 240 Scots pine ( P. sylvestris L.) seedlings revealing 0.25 taxa per root system; Lygis et al. (2004b) isolated 15 taxa from infi rm root sections of 53 declining Scots pine trees (0.28 taxa per root system); Fisher et al. (1991) isolated 20 endophytic taxa from healthy non-mycorrhizal roots (a total of 30 root pieces) of three mature Scots pine trees (6.67 taxa per root system); Von Sydow (1993) found 24 fungal taxa (not counting ' fast-growing moulds ' : Trichoderm a spp., Penicillium spp., Mucor spp and Mortierella spp.) in the underground parts (including roots, a total of 30 wood samples) of fi ve 1-to 2-year-old Scots pine stumps (4.80 taxa per root system) and Bakys et al. (2006) isolated 28 taxa from 50 root systems (a total of 150 decayed root pieces) of European ash ( Fraxinus excelsior L.) (0.56 taxa per root system). However, this exception could be explained by the fact that in wood heavily degraded by white rot fungi (as in our study), the amount of available nutrients is noticeably reduced ( Swift et al. , 1979 ; Blanchette, 1991 ; Ludovici and Kress, 2006 ) and fewer fungal species ' are willing ' to compete for those nutrients with the established saprotrophs such as highly competitive Trichoderma , Penicillium spp. or R. bicolor .
The very common occurrence of Trichoderma sp. is of special interest, as fungi of this genus have previously been considered as potential biological control agents against Heterobasidion ( Holdenrieder and Greig, 1998 and references therein) and Armillaria ( Hagle and Shaw, 1991 and references therein) . Furthermore, with special reference to forest fi res, Froelich et al. (1978) reported that number of Trichoderma spp. colonies in soil increased several-fold after prescribed burning aimed to prevent postthinning infections by H. annosum s.l., and the increase was still notable 2.5 years after the fi re. Additionally, isolates of Trichoderma spp. obtained from burned soils were reported to be more antagonistic to Armillaria in culture than isolates from non-burned soils ( Reaves et al. , 1990 ) . It has also been suggested that increased activity of antagonistic Trichoderma might contribute more to reducing inocula of Heterobasidion and Armillaria than the heating by the fi re itself ( Froelich et al. , 1978 ; Filip and Yang-Erve, 1997 ) . Positive infl uence of burning on the activity of populations of antagonistic soil microorganisms ( Trichoderma spp. in particular) has also been noted by Munnecke et al. (1976) , Margaris (1977) and Parmeter (1977) . Therefore, it would be worth re-sampling the root disease centres in the future years to assess the long-term impact of Trichoderma spp. on populations of root rot fungi or even to initiate permanent fi eld trials aimed to investigate the potential of Trichoderma spp. for replacing root rot fungi in woody debris in forest stands subjected to forest fi res. 
